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http://dx.doi.org/10.1016/j.kjms.201Abstract This study investigated the expression and role of chemokine receptor-4 (CXCR4) in
bone marrow mesenchymal stem cells (BMSCs) from experimental rats with abdominal aortic
aneurysms (AAA) for migration of BMSCs. SpragueeDawley rats were divided into an experi-
mental group and control group (nZ 18 each). AAA was induced with 0.75 M solution infiltrate
for 30 minutes, after which the abdomen was rinsed and closed. Saline was used in place of
CaCl2 in the control group. CD34 and CD29 were detected by flow cytometry, the gene and pro-
tein expression of CXCR4 were detected by real-time polymerase chain reaction and western
blot, respectively. The migration of BMSCs with stromal-derived factor-1 was detected by
Transwell chamber. CD34 expression was negative and CD29 expression was positive. The gene
and protein expression of CXCR4 were significantly higher in experimental group than them in
control group (p < 0.05), the migration ability of BMSCs from the experimental group was
significantly higher than that from the control group (p < 0.05). Stromal-derived factor -1/
CXCR4 can enhance the migration of BMSCs in vitro in a rat AAA model.
Copyright ª 2014, Kaohsiung Medical University. Published by Elsevier Taiwan LLC. All rights
reserved.eclare no conflicts of interest.
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Bone marrow mesenchymal stem cells (BMSCs) are multi-
potential differentiated stem cells derived from mesoderm
[1]. When injected intravenously, BMSCs can preferentially
migrate and aggregate to wounded tissue and organs in
animals under some signals produced by ischemic micro-
environment, which suggests that damaged tissue can
attract BMSCs specifically [2]. It is generally believed that
expression of some cytokines and chemokines increases in
damaged tissue. BMSCs expressing chemokine receptors
migrate directionally to the damaged area, and differen-
tiate into mature tissue to promote organ reconstruction
under the influence of the local microenvironment [3e5]. In
recent years, the biological axis of stromal-derived factor-1
(SDF-1) and its receptor chemokine receptor-4 (CXCR4) has
received more attention [6,7].
Turnbull et al. [8] proved that after intravenous injec-
tion, BMSCs are detected in vessel wall of abdominal aortic
aneurysms (AAA) in swine, suggesting that BMSCs have the
potential to repair the vessel wall and avoid further
development of AAA. The specific mechanism is still un-
clear, however, and the role of SDF-1/CXCR4 in AAA has not
been reported.
In our study, an experimental AAA model was established
in rats [9], the expression of CXCR4 in BMSCs was detected,
and the migration of BMSCs with SDF-1 was observed, which
provides a basis for BMSC homing mediated by the SDF-1/
CXCR4 biological axis in AAA.Materials and methods
Animals
Thirty-six male SpragueeDawley rats (200e250 g) were
provided by the Experimental Animal Center, School of
Medicine, Sun Yat-Sen University (Guangdong, China). Ani-
mals were divided into an experimental group and control
group (n Z 18 each). The experimental AAA model was
established by CaCl2 infiltration, whereas saline was used in
the control group. Animals were kept in a lightedark cycle
of 12 hours, and the room was maintained at 23e25C. All
the protocols were approved by the animal care and use
committee, and guidelines for the care and use of labora-
tory animals were based on the policy published by the
National Academy Press.
Animal models
Rats were anesthetized by intraperitoneal injection of 3%
sodium pentobarbital (30 mg/kg), shearing and disinfected
in the supine position. An incision of about 5 cm was made
on the abdominal median, then the intestine was pushed to
the right side of the abdominal cavity and covered with
saline gauze, in order to ensure a clear operative field.
About 1 cm of the abdominal aortic below the renal artery
and above the iliac artery was dissociated out, and
encapsulated by a polyethylene sponge containing 0.75 M
CaCl2 solution or saline in the control group; at the same
time, the sponge was encapsulated with the same width ofsterile rubber strips to protect the surrounding tissue from
the calcium salt infiltration. After 30 minutes, the sponge
and rubber strips were removed and the peritoneal cavity
was washed with saline three times. The incision was su-
tured layer by layer. Six weeks after the operation, animals
were sacrificed and bone marrow was isolated from the
bilateral femur and tibia.
Isolation and culture of BMSCs
Mononuclear cells were isolated with 1.077 g/mL Ficoll
separation solution (Bio-chromfor ) at 400 rpm for 20 mi-
nutes, and were washed with phosphate buffered saline
(PBS) twice, cells were cultured with Dexter complete
medium (Invitrogen) at a density 3  105/cm2 at 37C, 5%
CO2 incubator. Nonadherent cells were removed after 72
hours, and medium was changed twice weekly.
Flow cytometry
BMSCs (0.5  106) were collected and washed with
fluorescence-activated cell sorting (FACS) solution (2%
bovine serum albuminþ PBS), and were incubated with
10 mL monoclonal antibodies CD34-PE or CD29-PE in 500 mL
FACS solution at room temperature for 20 minutes. At the
same time, a blank control and negative control was set
(10 mL IgG-PE). Then BMSCs were washed twice with PBS,
and the cells were detected by flow cytometry (BD Bio-
sciences, San Jose, CA, USA).
Real-time polymerase chain reaction
After isolation of total RNA with Trizol (Invitrogen) from
BMSCs in two groups, cDNA was synthesized by reverse
transcription of total RNA. The upper primer of CXCR4 gene
was 50-GCCTGAGCTACAGATGCCCA-30, and the antisense
primer was 50-TTCGGGTCAATGCACTTGT-30. The glyceralde-
hyde phosphate dehydrogenase gene was used as an internal
reference and the primers were: 50-GAAGGTGAAGGTCGG
AGTC-30 and 50-GAAGATGGTGATGGGATTTC-30. The real-
time polymerase chain reaction (RT-PCR) was performed on
an ABI Prism 7700 PCR instrument (Applera Corporation
Norwalk). The amplification conditions were: 95C for 5 mi-
nutes; 35 cycles of 94C for 1 minute, 60C for 1 minute, and
72C for 1 minute; and a terminal extension step at 72C for
10 minutes. After the reaction, agarose gel electrophoresis
was performed.
Western blot
Protein was extracted from BMSCs. The protein concen-
tration was measured by the Brandford method. Sodium
dodecyl sulfate-polyacrylamide gel electrophoresis was
performed, then polyvinylidene difluoride membrane was
blocked with 5% defatted milk, then incubated with
mouse anti-CXCR4 monoclonal antibody (1:1000) at 4C
overnight and horseradish peroxidase labeled goat
anti-mouse immunoglobulin (Ig)G (1:5000) at 37C for
45 minutes, followed by enhanced chemoluminescence
development.
Figure 2. Expression of chemokine receptor-4 mRNA in bone
marrow mesenchymal stem cells. After total RNA was isolated
from the bone marrow mesenchymal stem cells of the two
groups, real-time polymerase chain reaction was performed,
and the results shown on agarose gel electrophoresis.
1 Z experimental group; 2 Z control group; M Z marker.
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BMSCs were seeded at 1  105 in 8 mm pore size Transwell
chambers, the 600 mL a-modified Eagle medium with or
without 50 mg/L SDF-1 was added to the lower plate. Three
wells were set up in each group, and cells were cultured in
a 5% CO2 incubator at 37
C for 10 hours. Then cells were
fixed with 4% polyoxymethylene for 15 minutes and stained
with crystal violet for 10 minutes. Five fields (200) were
captured under the microscope and cells were counted.
Statistical analysis
The data are expressed as mean standard deviation and
analyzed by Student t test. A p value < 0.05 was considered
statistically significant.
Results
The morphology and phenotypic identification of
BMSCs
After 72 hour culture, the adherent marrow mononuclear
cells showed fusiform fibroblast-like appearance, and a
dense adherent cells layer was observed after 2e3 weeks.
The flow cytometry results show that the surface molecules
CD34 was negative and CD29 was positive, which were
consistent with the phenotypic characteristics of BMSCs
(Fig. 1).
Expression of CXCR4 gene
The RT-PCR results shown that CXCR4 gene was expressed
in BMSCs from both the experimental group and control
group, but expression was significantly higher in the
experimental group (Fig. 2; p < 0.05).
Expression of CXCR4 protein
Western blot found that CXCR4 protein was present in
BMSCs from both the experimental group and control group,Figure 1. Phenotypic identification of bone marrow mesenchym
fluorescence-activated cell sorting. IgG Z immunoglobulin G.but at a significantly higher level in the experimental group
than that in control group (Fig. 3; p < 0.05).
Migration of BMSCs
After adding SDF-1, the migratory ability of BMSCs was
enhanced significantly in the experimental group, but had
no change in the control group; and the number of migra-
tory cells was significantly higher in the experimental group
(Fig. 4; p < 0.05).
Discussion
With the development of an aging population and the
change of diet, the incidence of AAA is gradually increasing:
the incidence in men aged over 50 years and 70 years is
25.6  105 and 78.3  105, respectively, in Asians [10].
Diehm et al. [11] reported that death caused by AAA in men
aged over 65 years ranked 10th in Europe and the USA. AAAal stem cells. IgG-PE, CD34-PE and CD29-PE were detected by
Figure 3. Western blot of chemokine receptor-4 in bone
marrow mesenchymal stem cells. 1 Z experimental group;
2 Z control group.
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reach 50e90% [12].
BMSCs have high expression of CXCR4 in situ, which can
migrate to the damaged area with concentration gradient
of SDF-1 and to repair tissue [13,14]. For myocardial
infarction, SDF-1 is significantly increased in the infarct
site, BMSCs of bone marrow can migrate to damaged tissue
[4]. BMSCs can even pass through the bloodebrain barrier
into the brain tissue after cerebral infarction [15]. After
injection of BMSCs in an Alzheimer’s mice model, more
homing BMSCs were detected; however, when mice were
injected with the specific CXCR4 antagonist AMD3100, the
migration of BMSCs to the brain tissue was significantly
inhibited, which confirms that the important role of SDF-1/
CXCR4 axis in migration of BMSCs to the brain tissue [16].
Turnbul et al. [8] reported that BMSCs could migrate to the
damaged vessel wall of the aneurysm in a swine AAA model,
suggesting that BMSCs have the potential to differentiate
into vascular smooth muscle cells in order to repair theFigure 4. Stromal-derived factor-1 increases the mobility of
bone marrow mesenchymal stem cells. CG Z control group;
EG Z experimental group.vessel wall. Therefore, the elucidation of the molecular
biological mechanism of homing BMSCs in AAA may provide
an experimental basis for clinical applications. In our study,
both the gene and protein levels of CXCR4 were signifi-
cantly increased in BMSCs, suggesting that the increasing
expression of the CXCR4 gene promotes BMSC homing under
the stimulation of vascular injury. Our study proves that the
mobilization stage of the bone marrow starts the high
expression of CXCR4; therefore, there is a good effect for
AAA if the interference of CXCR4 is performed in the
mobilization stage.
In this study, the cell chemotaxis of SDF-1 was per-
formed by a Transwell transmembrane chemotaxis experi-
ment in vitro, the cell suspension was added to upper
chamber, and medium with or without SDF-1 was added to
lower chamber, there was one layer of Matrigel fibronectin
microporous membrane between the upper and lower
chamber, cells in the upper chamber migrated to mem-
brane under the chemotaxis of SDF-1 in the lower chamber.
Our study reveals that the SDF-1/CXCR4 biological axis may
involve BMSC homing in rat AAA model. Increased expres-
sion of SDF-1/CXCR4 might improve the treatment of AAA
with BMSCs. However, further studies are required to
confirm this hypothesis.
BMSC homing is related to a high expression of CXCR4 in
AAA, the migration ability of BMSCs with high expression of
CXCR4 is significantly enhanced with the induction of SDF-1.
The explanation of related molecular biological mecha-
nisms will contribute to the treatment of AAA.Acknowledgments
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